Introduction
============

Multiple treatment options are available for managing muscle-invasive bladder cancer. However, radical cystectomy is considered the gold standard for treating this disease. The aim of this invasive surgery is to remove all cancer in the bladder, pelvis, and regional lymph nodes. On average, radical cystectomy is unsuccessful in approximately 50% of patients; it is therefore essential that efforts are made to improve the outcomes of this surgery, by way of determining a timely indication for surgery, defining an adequate extent of surgery, and proposing combinations with systemic chemotherapy. Furthermore, invasive bladder cancer surgery should be conducted in experienced and high-volume centers.

Timely indication for cystectomy
================================

The prognosis for muscle-invasive bladder cancer in patients with an early-stage disease and negative lymph nodes is good; thus, early cystectomy for low-stage tumors will give excellent results. However, non-muscle-invasive bladder cancer is not subjected to radical cystectomy but to the more conservative transurethral resection and intravesical chemotherapy or immunotherapy. Following the European Association of Urology (EAU) guidelines, T1 tumors invading the stroma and those at high risk of progression (eg, high grade, multifocality, carcinoma in situ, and large tumor size), and all T1 tumors failing intravesical therapy are considered for early cystectomy.[@b1-cmar-4-177] Additionally, some patients with extensive papillary tumors that cannot be controlled through transurethral resection and intravesical therapy alone can become candidates for cystectomy. However, once the tumor invades the muscularis propria of the detrusor muscle, radical cystectomy is indicated. Early cystectomy should be promoted not only to improve oncologic outcomes but also to increase the potential for functional restoration through orthotopic substitution and nerve sparing.

Indeed, large patient series have demonstrated that disease-free survival following cystectomy is between 48 and 68%.[@b2-cmar-4-177],[@b3-cmar-4-177] Outcomes improve when tumors are confined to an organ compared to tumors invading extravesically or invading lymph nodes.

Another factor in the timely performance of radical cystectomy emerges from several studies revealing that in patients with muscle-invasive cancer at diagnosis, delaying surgery for 90 days is associated with a significant decrease in survival probability.[@b4-cmar-4-177]--[@b6-cmar-4-177] A delay in cystectomy after diagnosis of muscle-invasive bladder cancer may, however, be justified when neoadjuvant therapy is delivered, although this carries an oncologic risk. Timely indication and performance of surgery for muscle-invasive bladder cancer is clearly an important prognostic factor.

Adequate extent of surgery
==========================

In addition to radical cystectomy (with or without systemic chemotherapy), another curative treatment is a bladder-sparing approach consisting of a thorough transurethral bladder tumor resection, radiation treatment, and systemic chemotherapy.[@b7-cmar-4-177] No prospective randomized studies to compare these two strategies are available, but a Cochrane database analysis of individual trials suggested a benefit of radical surgery over radiation.[@b8-cmar-4-177] Thus, in patients that are able to undergo surgery, this remains the treatment of choice.

In male patients, radical cystectomy refers to radical cystoprostatectomy with or without resection of the urethra. Resection of the urethra is mandatory when there is an obvious invasion of the urethra or of the prostate. Many years ago, several risk factors for urethral recurrence after cystectomy without urethrectomy were recognized, including carcinoma in situ, multifocal transitional cell carcinoma (TCC), TCC at the bladder neck or in the upper tract, and TCC in the prostatic urethra. More recent work, however, has shown that invasion of the mucosa or even the ducts of the prostatic urethra are not a contraindication for urethral preservation, and that only invasion of the prostatic stroma by TCC is an absolute contraindication for bladder replacement.[@b9-cmar-4-177] Thus, in cases of urethral involvement or invasion in the prostatic stroma, prophylactic urethrectomy must be performed. The overall recurrence rate at the level of the urethra left in place is estimated to be between 4% and 10%. When urethral recurrence is detected, the patient is typically already in a metastastic stage. When a urethra remains, follow-up with cystoscopy and cytology is required. Delayed urethrectomy for tumor recurrence is difficult. Thus, the urethra should be removed when it is defunctionalized, and patients undergoing cutaneous diversion should not receive bladder replacement. Therefore, many experts advocate for simultaneous urethrectomy in all patients undergoing cutaneous diversion.[@b10-cmar-4-177] In patients that are candidates for orthotopic bladder replacement, the prostatic urethra can be sampled before surgery is planned or a frozen section can be taken of the urethral section margin during the surgery to determine whether ureterectomy is mandatory. In female patients, radical cystectomy involves anterior exenteration with resection of the internal genitalia (hysterectomy and ovariectomy), resection of the anterior vaginal wall, and cystourethrectomy. Additionally, when bladder neck or urethra is free of the tumor, the urethra can be preserved and bladder replacement can be proposed.[@b11-cmar-4-177]

Nerve-sparing cystoprostatectomy has become increasingly popular since it allows patients to recover erectile function 8 to 9 months after surgery. Some physicians have advocated prostate sparing cystectomies,[@b12-cmar-4-177] while others feel that this procedure is completely inappropriate in patients undergoing cystectomy for transitional cell carcinoma.[@b13-cmar-4-177] Proper nerve-sparing cystectomy techniques eliminate the need for this oncologically unsafe procedure.[@b8-cmar-4-177]

During cystectomy, most urologists perform a frozen section of the margin of the ureters, although there is no conclusive evidence regarding the usefulness of this method. In cases of obvious TCC or carcinoma in situ on frozen section analysis, higher ureterectomy can be performed. A recent study reported a high sensitivity and specificity of frozen section analysis to reduce the risk of positive ureteral margins, while positive final ureteral margins were significantly associated with subsequent upper tract recurrence.[@b14-cmar-4-177] In all cases of simultaneous upper tract TCC, very careful follow-up is mandatory.

Controversy exists regarding the required extent of lymphadenectomy and the number of nodes that must be removed during classical radical cystectomy. Some groups conduct intrapelvic lymph node dissection limited to the obturator fossa, others to the obturator and internal iliac or external iliac area, whereas others conduct more extended lymph node dissections, including the common iliac to the aortic bifurcation. The extent of dissection as well as the number of harvested nodes varies widely, from 2 or 3 up to 30 nodes per specimen. Not only the number of nodes analyzed, but also the method pathologists use to conduct detailed analysis of the specimen appears to be important; therefore, surgeons are advised to deliver lymphadenectomy specimens in different marked flasks to identify where an eventual positive node was located.[@b15-cmar-4-177]

Lymph node dissection has an obvious diagnostic role, and a higher number of nodes removed will result in more correct staging. Lymph node dissection has also been claimed to have a therapeutic role. In a direct sense, lymph node dissection can be used to remove microscopic, node-confined, metastatic disease. [@b15-cmar-4-177] In contrast, an indirect therapeutic role can be observed since some degree of nodal invasion can indicate the application of adjuvant chemotherapy.

Lymph node density is defined as the number of positive nodes relative to the number of nodes removed. At least two studies have demonstrated survival improvement with an increased number of nodes removed and survival decrease with a higher number of positive nodes.[@b16-cmar-4-177],[@b17-cmar-4-177] Both studies showed a statistically significant difference depending on whether more or less than 20 percent of nodes were invaded.

An interesting comparative study between two high-volume centers, the Cleveland Clinic in USA and the Inselspital in Berne, provided insight into the therapeutic benefit of pelvic lymph node dissection. In the Cleveland Clinic, patients had limited lymph node dissection, while those in Berne underwent extended lymph node dissection. From this comparative study, it was clear that in the Cleveland Clinic, patients fared statistically significantly worse than those in the Berne cohort, demonstrating a significant survival benefit of extended pelvic lymph node dissection over limited dissection.[@b18-cmar-4-177] Another single-center study from Mansoura, Egypt, showed that the extent of lymphadenectomy in radical cystectomy for bladder cancer influences disease-free survival.[@b19-cmar-4-177] This study showed that extended lymphadenectomy is associated with better disease-free survival for bladder cancer patients with "endopelvic" lymph node involvement and therefore extended lymphadenectomy should be considered in this category of patients.

The exact template for extended pelvic lymph node dissection has not yet been clearly defined, but based upon reports from high-volume centers, the template should include external and internal iliac vessels, obturator fossa, and common iliac vessels up to the ureter crossing. Some authors suggest that this dissection should be extended cranially up to the aortic bifurcation in lymph node positive cases, but the oncologic benefit of this method has not been shown.

Combination with systemic chemotherapy
======================================

Radical cystectomy is quite an invasive procedure and exhibits significant complications; this method remains unsatisfactory and little progress has been made to correct these issues in recent years. Combination with systemic chemotherapy, applied after surgery in patients with poor prognostic factors and later before surgery in high-risk patients, has been explored. Most studies have involved a small number of patients and have used different chemotherapy regimens, including cisplatin monotherapy. The Advanced Bladder Cancer Meta-analysis collaboration, which was published in 2005, provided the results of all valuable studies examining neo-adjuvant and adjuvant chemotherapy with survival as an endpoint. Neo-adjuvant chemotherapy using cisplatin monotherapy did not increase survival, but platinum-based polychemotherapy resulted in significantly improved survival when seven neoadjuvant study results were pooled.[@b20-cmar-4-177] Fewer studies are available examining adjuvant chemotherapy. Cisplatin monotherapy yielded no benefit, but in the five platinum-based polychemotherapy studies, adjuvant chemotherapy improved survival.[@b14-cmar-4-177] Differences were statistically significant for both approaches.[@b21-cmar-4-177] Despite these results, neo-adjuvant chemotherapy has not increased in popularity in Europe, and in many centers, adjuvant chemotherapy is preferred in young patients, those with locally advanced and high-grade tumors, and those with or without nodal involvement.[@b22-cmar-4-177]

Recently, the Journal of Clinical Oncology published the results of a neo-adjuvant triple chemotherapy combination involving cisplatin, methotrexate, and vinblastine (CMV). This intergroup study (EORTC 30894/MRC BA06) was reanalyzed for long-term efficacy of these treatments. The final patients were included in 1995 and a median followup of 8 years has been reached. Patients had T2G3, T3, or T4a tumors with or without nodal invasion, but clinically, patients reached M0 before curative cystectomy or full-dose external beam radiation therapy. Thus, both local treatments were included in the study. A total of 491 patients received three cycles of neoadjuvant CMV, while 485 patients received no chemotherapy. The risk of death decreased by 16% in the neoadjuvant chemotherapy group (*P* = 0.037). Ten-year survival improved following CMV by a statistically significant value of 6% (*P* \< 0.05). The same advantage with neoadjuvant chemotherapy was observed, not only for overall survival but also for metastasis-free survival, local recurrence disease-free survival, and disease-free survival. When overall survival and local recurrence disease-free survival were compared between patients treated with cystectomy or radiation, cystectomy was favored for both endpoints.[@b23-cmar-4-177]

These results should normally result in a paradigm shift in which all patients with muscle-invasive bladder cancer may become candidates for neoadjuvant chemotherapy. However, this does not occur in practice and many urological surgeons continue advocating cystectomy alone in patients with smaller muscle-invasive bladder cancers, particularly those that are not deeply invasive. However, a defined subgroup of bladder tumors with prognosis has not been established. Classically, methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) therapy has been used in the neoadjuvant setting before cystectomy. More recently, gemcitabine + cisplatin (GC) have been used because this combination is associated with less non-hematologic toxicity than MVAC with a comparable downstaging effect.[@b24-cmar-4-177] Despite the lack of data regarding the relative efficacy of GC versus MVAC in the neoadjuvant setting, these regimens have been used interchangeably. A recent investigation did not observe cisplatin- based regimen to be an independent predictor of survival. A trend was observed towards improved survival and a greater complete response rate in the MVAC group.[@b25-cmar-4-177]

The EAU Guidelines 2010 state that "neo-adjuvant Cisplatin-containing combination chemotherapy should be considered in muscle invasive bladder cancer, irrespective of the definitive treatment."[@b10-cmar-4-177] In contrast, it remains clear that neoadjuvant chemotherapy is not recommended in older patients with poor performance status or in patients with impaired renal function.

Cystectomy in experienced centers
=================================

A final but important factor that can contribute to optimal oncological results may be the concentration of cystectomy procedures in centers with experienced surgeons and high volumes. Barbieri et al[@b26-cmar-4-177] showed that mortality following cystectomy is strongly related to the number of cystectomies performed by the center per year. The authors analyzed more than 6700 cystectomies performed between 2002 and 2005. In centers performing less than 10 cystectomies per year, postoperative mortality was twice that in centers performing more than 25 cystectomies per year. In those performing more than 50 per year, mortality was less than 0.5%. Other authors have investigated this procedure in 133 hospitals in Texas, where mortality was analyzed after 1302 cystectomies.[@b27-cmar-4-177] In low- and moderate-volume centers (less than 10 cystectomies per year), mortality was approximately 3%, while in centers performing more than 10 cystectomies per year mortality was 0.7%. This is clearly a factor that patients should consider, and insurance companies should conduct in-depth analysis of these figures. Therefore, urologists should be aware of their own figures and critically analyze whether a sufficient number of procedures are performed to maintain their surgical skills and lower complication rates.

What type of urinary diversion?
===============================

The ideal urinary diversion after radical cystectomy should be easy, exhibit minimal morbidity and mortality, should be protective for the upper tract, and be well-perceived by the patient. Continent diversions to the skin (Indiana pouch, Mainz pouch, Monti stomas) clearly have an advantage in that no bag must be applied to the abdominal wall, but it remains questionable whether this guarantees a better quality of life. The disadvantages of this method include the need for self-catheterization, the possibility of leakage (which is difficult to cope with in cases of umbilical diversion), difficulties with catheterization, stenosis and kinking, and the requirement for reoperations in approximately 30% of cases. Bladder substitution procedures, when they are oncologically safe, have the advantage of allowing patients to continue voiding through the urethra, which may have some impact on the quality of life. Disadvantages include the possibility of urinary stress incontinence; however, and even more embarrassing, hypercontinence can occur, which is much more frequent in females than in males but can occur in both genders. Additionally, enuresis nocturna is a well-documented and frequently occurring consequence of bladder replacement. During the immediate postoperative period, patients must be aware of potential problems such as metabolic acidosis and diarrhea that may require medical attention.

The Cochrane collaboration compared ileal conduits to orthotopic bladder and continent diversion to the skin and evaluated early complications, upper tract preservation, urinary tract infections, and quality of life.[@b28-cmar-4-177] The analysis included 18 trials, two randomized clinical trials addressing selected criteria, one randomized clinical trial with no numbers, two randomized clinical trials addressing unselected criteria, and 13 nonrandomized trials. Unfortunately, the superiority of one treatment over the others could not be shown. Therefore, no specific recommendation exists for diversion type. Diversion type should be decided preoperatively and should take into account the age and performance status of the patient, T stage, and renal function (eGFR). Young patients concerned with body image can, after sufficient information regarding complication rates, be offered a continent cutaneous diversion preferably at the level of the umbilicus because of cosmetic reasons. Patients up to 70 years of age for which the urethra can be preserved can be offered bladder substitution; this group of patients with bladder cancer is continually increasing. However, older patients with advanced stage disease and shorter life expectancy or compromised renal function will continue to be offered an ileal conduit, which remains the safest and most well-accepted form of urinary diversion.[@b29-cmar-4-177]

Robot-assisted laparoscopic cystectomy?
=======================================

An increasing amount of data regarding the outcome of minimal invasive surgical techniques have become available for invasive bladder cancer. Open cystectomy has the advantage of being a procedure with a proven oncological efficacy, the possibility of tactile feedback, and an easily performed extended lymph node dissection. Open cystectomy, in contrast, is associated with increased bleeding and slower overall physical recovery. Laparoscopic (with or without robot) cystectomy can be performed with less bleeding, less postoperative pain, and earlier recovery, but the long-term oncological outcomes remain uncertain, and the duration and cost of the procedure remains an obstacle.[@b30-cmar-4-177] Nevertheless, robotic surgery, not only for bladder cancer but also for other diseases, continues to evolve. A comprehensive electronic literature search showed encouraging short- to medium-term results in terms of postoperative morbidity and oncologic outcomes. It seems possible in experienced hands to satisfactorily perform minimally invasive lymphadenectomy. Positive soft tissue margins are similar to large open series for T2--T3 disease, but inferior for bulky T4 disease. The concerns regarding the ability of minimal invasive radical cystectomy to treat bulky and locally advanced disease makes careful patient selection a critical factor. [@b31-cmar-4-177]

Conclusion
==========

From the present literature the following statements can be derived:

1.  Radical cystectomy involving extended pelvic lymph node dissection is the treatment of choice for muscle-invasive bladder cancer.

2.  Curing bladder cancer is possible, but requires timely indication and nondelayed performance of cystectomy.

3.  When the urethra is not used for bladder replacement, it should be removed.

4.  Patients with deep muscle-invasive bladder cancer should be counseled for neoadjuvant cisplatin-based chemotherapy.

5.  Radical cystectomy should be conducted in high-volume centers.

6.  Different urinary diversion types show good results in properly selected patients, and a Bricker diversion is often an easy, safe, and acceptable solution.

7.  Robotic surgery will continue to evolve, but studies to demonstrate its oncological equivalence to traditional techniques should be performed.
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